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raulic engineers have been very 
in open channels the | veloc sity is not at e, Int at 
distance below ; the. fact is, howev er, now too well estal 


lor bifal. Some ha hi 


‘it to) the resistanc e of the air, and this, undoubtedly, mus _ 
tend to produce such an effect, more portiewlarly: when the wind is 


opposed to the curr ent ; but it: has b been “observed that the 


urren 


velocity is some distance below the wind 
‘isin the same Gente as the current, when its tendency must be to. 


i ‘At Lowell, Massachusetts, the ' water drawn from the canals by the re 
a mi anufac turing pi gauged in what are onus 


— 4 

‘ONS. 

Nore.—This Society and opinions advanced in any 

| a ON THE CAUSE OF THE MAXIMUM VELOCITY OF WATER _ 

PLOWING IN OPEN CHANNELS BEING BELOW THE > — 

pally, 

d by 

numerous experiments to be any longer « attributed 44 


x 


ealled measuring plumes, These e ted in parts of the canals 


= here the sec tion is rectangular and the alignment as free from bends or 


ver 


other irregularities as — le ; they are ‘simply linings of the bottom 


ny, retaining the and, as nearly 


one end with pars soas to sink nearly ‘ie the bottom. " 


“that there i is a continu: al change in the velocit all of these 


e distant “move more raj pidly ; 

veloc itv tends to produce ek a ‘sin whie h the wate r is, of course, movi 


in all dinections. One effect of I is to allow some cof 


cker moving currents to penetr ate those m movil 


| the where they become ‘the slower currents among those 


‘To rti Ve ‘locity diffe went parts of the width of the Same, 


“the tubes are put into the water, and, when in a vertical position, are 


to the: a the time of thei ir passage between two 


motions were re d toa Phe ane range ments for a use 
the velocities: of the tubes Ss by mi of an lee tric telegraph anda 
ne chronometer, operated Dy skillful observers, also reduced 


Lg 
The variations ine the ve locity. in particular parts of the flume 


when was no sensible change i in the mean ity, were, howeve 


Phis is plainly shown | rv the diagrams in P late XVIL, 


observ ations are by the ordinates of ‘the small circles cand 
1v the corresponding ordinate of the full line. | The 


“New York. 


Lowell” ‘Hydraulic Experiments, * in “which the velocities in several 


— 7 

— 

— as practicable, the dimensi 
ix bv means of tin tubes, loaded at 
— » flow ese thes 7 

a vater flowing, and, consequently, the ‘velocity this must 
— "result from a continual change in the a 
— ag ~ The contact of the water with the planking forming the a a 

« 

— ly, and to 
— 
. 
a 
t this method or gauging the How of Water, experiments Were made 

tm 
Experiments, 2d Edition. D, Yan Nost 


small circles for the same 


from the change inthe currents. 


In the diagram of E xperime nt 1 the vari: ne extend from 8.57 


indicate the change nova ity at that part of the flume, | which result 


cent, abo abov we the mean an to 11.40 per cent. be low ; ; the le average variation 

thirty in “diffe ‘rent parts of the width of the flume being 

about 3.12 per cent. These variations are de need from the e mean 


velocities of the thron, a course of seve venty fe et ; ; the vi 
n some pi uts of the course must have arge ly xe ne ded averages. 
The variations -in ve Joc sity just deser ibed are des duce ed fiom exact observ-_ 


ations in differe nt parts of the width of 

~ 
ably gre eater, variations 

re sulting from the same cause, name ly. | 

position: of the currents moving with different velocities ; we ae 

{ however, ations at hand to ily and they would not he 

a 


so readi ly ‘made; we safe ly infer from those already dese ribed, 


that they do exist. In rectangular channels in whic h the a lepth is le SS 
than half the width, the otarding effect of the bottom must exceed that 


ofthe sides, and the eddies aud other - ‘irregular motions resulting, must 


>) 

5 


e greater in the same r atio, and the effect previously described, of the 

‘ker penetr iting those letac hing, and, in 


case, foreing upwards. masses of the slow moving w: water, must occur 


to a gred aut: it Ox extent than results from the ret: udition conse by the sides. 


= These -moving would he ‘d along by the quicker 

moving g water, d wonld s soon, Int not at once eae the same 


* ity; 


in spre: ading out laterally whe re e the fore 


rable, in ‘Pr oduei ing the 


nrre nee ame phe nome na, must 


cumulation a of water at and near the surface, “moving ‘mean 

velocity saa what less than the mean velocity of the water at some dis- 


tance be low the surface. these these views are ere mu ist | be 
sts ant movement of water from ne “ar “the an open channel of 
running water to the surface; to test this, the following vie aga were 


ents with wi water motive 


4 
i 
— 
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IN THE WESTERN CANAL, JULY 6, 1867. 


_ The e experiments were made in a straight reach of the canal, about 
1 200 f feet in length, i in which the section was nearly uniform, viz. : about > 


20 wide at bottom, 50 feet wide ‘at the surface of the water, and 
The y ve clocity of the wat P in > mi middle of. thee ‘anal | 


ot ace, was Sabot 3 3. feet SEC Nov w ater i is. od or 


| in grave DI and ‘partly | in rock; the bottom of the canal is is now all grave 


the sloping sides 


of the re: ach where the exper ime mts were made, is gravel, having only 


moder ate inequi of surfac Al large on bottome ed b 08 drawing 


five incl shes 1 above the bottom of the mal, and pointed 


stream, in dons diree tion of f the « ¢ current. The pipe extended about four 


f feet above the surface of the wi ater, “, and was connected, | at its upper end, 


to a tub which containe labout 3.1 eubie feet of whitewash. In the 


a 
4 t the co commencement of an e experiment the tub wa 


“whitewash, ata given signi al the the plug was the whitewash 


lower orifice in about 39°" servers were 


Y E might trials w were made, in which the whitewash appeared a at, or very — 
the. ‘ inces from the orifice i 


from | ‘about 100 to 175 feet; the mean of the distances, 1 


saeiaiabe were made in a reach of the canal of uniform sec-— 
ht, “ae from obstructions, an L about 1 0 feet in leng th, in 


which no water was added or -abstracte The as walled sides, 
ud is 97 feet wide at the bottom and 103 feet at the surface of the water, 


5 in depth; a a small the e is in rod 


— 
a 
man 
— 
q 
rf re rock; much the longest portion, however, in the part | 
| 
ew inches of water, was moored about vV0 feet trom the up-stream end 
= ~~ of the reach. On one side of the boat, in the middle of the canal, alead 
pipe of two inches interior diameter, attached to a small post, was placed q 
™ 
4 
— which 
— 


alled, except at a few points — 
where the roc pr ‘ojec ts, in no ace, however, more thi an 1.5 5 feet from the 


line of the face of the Wi all, The ve Dead ‘ity of the water in the middle - : 


can: ral, at the s surface, Was ‘about 2 2.2 feet per second. 4 


camination of the bottom of the canal was made a fe »w day s befor: e 
» the water having , = off; at this 


yottom exceeding about three inches in their B 


7 
smallest dime were ne moved from the central parts of the canal and 
plac ‘ed near the sides. flat- bottomed used i in the weste ca 


pred nea niddle of the reach, and arr rangements ‘made for 


dischar ging whitey Wi ae near the bottom of the canal, similar to those in 
‘the western ean: al, previously described, the pipe being of wood, four 


quare inside, to the top of which wi as a s atti ac shed ; a a tub hic 


ro cubic feet of whitew ash, which was diac hi arge l on the removal of a ph 


- Five trials were made, i wash appeared at 
re surfac ce, at distances vary ‘ing moms aieake 300 to 500 feet from the point 
at whio it was disc tharged into the: canal, The sides of the canal are. 


» the level of the surfac ce, w hicl ch, ombined with th idth 


the canal, did not pe rmit the to be made so definitely as 


intl the western ¢: sg al, where the be mn are higher and the canal about one- ie 
roint whe ‘re the whitewa 
whic h the whitew ash w as 
seen at or very near the surface on the up-stream side of the bridge, in 
ea each of the five tri: als. Tn one trial only the whitewash was observed at 
0) from the point wae re it w harged. In trial the 
whitew ash w was . first seen near the bridge i in 4’ 55” after it was s discharged, 


und masses of it continued t to be seen at short inte rvals for about 1’ 30" 


In another trial it wa as first seen near the bridge i in 4’ 5s ” 


edand. continue to be seen for about 1’ 20". The whitew ash, 
it ‘appear ed near the surfac ace, approae shing t he bridge, was much diffused, 


‘bat quite. distinct, and in resembling the globul: ar masses 
smoke dine harged from chimne “vs, at some distance from the tops of the 7 


From these experiments it appears that the water at the hethene. of the 


treams came to the surfac ‘e, at distances vary ing from about te n to othirty B 


- distances be ‘ing in the canal of the least 


iim 
— 
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= 
iim 
| time all The stones on tie 
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inches § Aiding 5.96 
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IN PIPES UNDER PRE 


THE FLOW OF W ATE 


Me of the Soci ty. 


By G. Darracn, C. E. 


‘In the well — equation for the flow of water in pipes, — 


var ious exper rime rs for straig sht 


“the e value of * has heen given 


‘lean pipes of different diamete rs, for differe mt ve ‘tic 
veen deduced from. experiments on the 


‘The followi ing tables have 1 
- pumping mains of the * Philadelphia Water Wor rks, and show the effect 


"produced 1 by abrapt be che v valves and foul pipe. 
‘The ten mper erature of the water was about 62°, and its weight has isa 


contour of in feet. 


= Velocity of flow in ‘feet per second. == sectional area. 
length of pipe in fe pet. 


a = anaes ter of vipe in feet. 


aulic 


| 
AS 
| 
— 


a 
XPERIMENT No 3, 
Belmont Works— wine, 


Marty, carp Nine Years, 
ENGINE. PIPE. SAD. 


ty in F 


per Minute. 


Veloci 


| 85.00 196.° 

O2069 


8.66 | 


. 


‘Worthington.” 

> 5 per cent. deducted for slip. One curve, of short radius, Gauge on 

— 

12 476.45 | 1.610 = 

516.1; & | | 1.745 

— 


8 
Engine, “Simpson.” 


* 


Head. 


per Minute. 


> 
2 
= 


Static 


4 


ol 791 


—_ 


804 


or 


536 


= 

bem 

- Spring Garden Works—36-in. main, laid 

carvers, 25 feet radius nto checks. a 

|i 

q * | | | 

10! 670; =| | 1.38 | 44.78; 108.45 | | 3.45 
Sle 1.74 45.03 101.03 .. | 4.03 -O1718 

af 


= 
Roxborough “Ol 1 ine— 
5 per cent. ded 


Mats, Lai Eveven Years. 


4 
- 


Second, 


Velocity in Feet per 


Static Head. 


1204 
010383 


St 


— 

: 
4 
| 
.. 394 | | 332.64“ iim 


Dek aware W ain. “Laid j in 1871. Bagine— orthington.” 


per cent. deduction for slip. on stand pipe. in pipe 
with 2 25 feet addins, exce pt at the basin where 90° are made with a 


x 


Static Head. 
Length of Pipe. | 


= 


51.25 


3 feet. 


— 

| ||) 
pis . a a 

— 

| 
62/4141 | 5s | =i 


5 6, 1878. 
5 per 

cent. deduct te d for Gr aide undulating. 
7 Curves. of 25 feet radius. 
4 check valves on main. 
d 
“Area of openings in check, 750 ine thes. 


Weight of valve, 320 in ‘1 check. 


- Gauge on air ves 


AIN Two Ye ARS OLD. 


AD. 


| 


Velocity in Feet 


‘Total Head. | 


Gauge. - 


Cubic Feet 


~ 
> 


— toa 


J 


3 


» feet 


square 
uar 
a 


+ 


00777 
cy 


O0T26 


op 


> 


to 
w 
7 9 


005! 34 


iim 
— 
— 

.) wm 
| — 00838 4 
2 | 952.65 23 — 


. Two Yeans Ou. 


per Second. 


tatic 


2 


20.200 
. 


4 


 @ 


00441 
00429 


| bs. per square inch, whi alves in the 1 ain produ 
rietion ted from the frieti al to a head of 4.16 feet. 
— 
736.1 big | 


Roxborough 30-inch Main laid 187 engine, 


5 per cent. deducted for slip. One quarter turn. All other tu 
radius. Two check-valves on main. 
a The weight of the valves, 1.3 Ibs. per square inch, 1 
from the observed pressure on the gauge. — 


with eurve pipe of 25 feet 


Heap. 


Gauge 


Length. | 


Total Head. 


> 


re. 
(00606 


1000 


— 

educted 

4 

60 141.0 | 325.71 | 1.55 
= 87 {141.25 326.27 2.11 | 006038 
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Lis, CHARLES E E CLEMENS L, 
Woop and J.T. ANNI 

Rum think Mr. is is + undoubte 


are allt the th inte ‘kod ‘The peace of 
elocity is ne ver in same plac e; itis constantl 
‘rom side t tos nd fi alling, > 
stand Mr. Frane Mee of ‘eo ol ning ip more slowly moving: 
luasses of from resistance the bottom—in the shape of 


ve obser ns upon the Mississippi. other rivers 
ar that if f the resistance comes from the and acts 


* Re “fe erring to Papers CLX aud CLXI, Vol. VII (May, 1878). 


— 
=) THE MAXIMUM VELOCITY Of WATER FL 
CAUSE OF THE MAXIMUM VELAICITY ALSO 
THE CAUSE OF THE MAXIM BELOW THE SURFACE, AND ALSO 
j IN OPEN CHANNELS BEING BELOW 
4 
m 
4 
— 


i 
directly upwards, every particle of water that moves from 


must pass t thro ) ugh the ‘thread of gr reatest veloc ity. I do not see a see any 


_ good reason wl y the greatest velocity of this thre ad shonld not be given - 
to every tart of water that passes up through it, If the ret tardation 


js communicated from the bottom to the top, it must be in curves, So 


> that the rising water must have a retrogr ade movement as it passes above 
7 thread of greatest velocity it gets to the 


It has ed hydrantic engineers a great deal to know what 


this resistdnee at the surface, and I will confess that I am unable to solve - 


it problem, although there is so 


b 
en Mere £0 1, to believe 


the ut aad is caused by the resistanee of Gel hi anke and of the bottom near 


“the banks. We e find ‘that i in and sh alow streams the 


As in- 


stances of this there a ieeahibiiiial: of Mr. Ré vy, on a section five 


miles” wide with a depth of forty or fifty feet, in which he observes the 
‘urrent and the ure atest veloc ity at the sur fae and in the 


ments of Dares oy and Bazin, as publishe Jin their work, we find that in 
rectangular ¢ Pome Is we have the greatest velocity nearly in the middle— 
of the section “ the reti wd: ition at the middle of the ‘uae face seems to be 


ommmuniecat: in some way from the sides, the water near the‘ sides 


; being so much slower, would | seem, — near the surface, to hold it | 


of the: found that in very wide | river swe have 


greatest velocity near the surface, and in rivers with contrac ‘ted 


carrie “ld 
own vst to the midk lle. That fact seem to ve ‘this theory. 


another peeuliari wity about the curve of vertical veloc nities viel 
which my ames was first called by Gen. W: arren of the U. S. Bi ae 


gineer Corps. ‘The re eurve from a large number r of experime 


a parsbole. a 
tried on the Mis issippi, we aa that the curve rile very” rapidly Fay 
There is a flat place left between the bottom and middle. This is a fea 


the vertic cal curves quite 


marked i iu some of the mn. 7 So » that it seems that: there are really two. 


“a 
— 
ro 
very hear the siuriace, White adleep streams, Wit 
— 
| a 
| 
a 
a 
at 
= 
— 
4 
> 
a 


ms of forces acting, one to prodnee the curve at the eats and 


another te to produce the curve at the top. be 


In reference to the of water in channels, it will rei [uize a 
de: ul more observ: ition than an has yet been ¢ given to it to ) find laws that will 


g vern any number of streams. Fe ormule that. are applic: able to the 
rivers do not ar to applic able to s to small 


1 forn are » applic able to small s streams ‘are 


E. E MERY. —While listening to the paper Mr. Fr: ‘rancis and 


the remarks of Gen. Ellis, on this sub ject, it has oceurred to. me ne that the 


phoncmens ean be by considering that the combined vertic 


edk ly: resistance caused by | the ; passage of fluid along surfaces in general. 
been demonstrated that each particl le of water in a wave moves i 
k a cire le, and ‘that the several. articles ‘following each othe x in order: 
- cause . the successive crests and hollows together with an appearance of 


progression which does not actually exist. In edk ly resistance e, howev er, 


the particles move in a cire ‘le which has. a progressive movement, s¢ — that. 


4 the path of each | partic pe in spa space is in acy yeloid or a modification ¢ of the a 


To apply this to motion of w ‘ater in open we 


— 


have but to consider. that the particles of w ater a1 are continually rece eiving : Fee 


reg 
1e current from: projections on the bottom o or the: re etanded the roby. 
The upward motion combines with the 


wee 


Such opposite or downw ward forces: 
result from the nec y of ye-supplying the water projected 
moved through by each article should, therefore, 


ray | be mo odified 


with the intensity of the. ‘deflecting so motion 


sult in a number of somewhat. similar curves of different smuplitnde 
and deseending portions continuously er 


| 
| 
— 
| 
| 4 
‘the curve is concerned,—though, perhaps each branch 
or 


| 


M for 


~ 


paths of a few particles the 


Representing the pi 


»idal curves A B C D, the ordinates will cor meni to the var riations 


in velocity. es The reduced veloc ity of the surface ms 
rv the fact that the upw ard impulse of some particles will b 


carry corresponding curve above the surface 0, G, of ‘the stream, 
such particles spread out on the surface before at 


nec ssarily, ] icles 
taining the maximum velocity at «. ae At some point below the surface, 
instane e, curves are uninterrupted, and the maximum velocity 


‘ent hei ghts 


oft the sectic 
_ by the online tes ds a curve, J H, measured from a vertical @ H, it should , - 
be e xpected, from the chore: considerations, the maximum 


ned. }- Representing the e velocity 1 at ‘differ 


d show below: the surface at about J, as has been found “practically 


‘and stated by the previous speakers. It is evident, also, that as the bed _ 


5 of the stream is deepened and approximates more nearly a semi-cylinder, 
vce of the bed nite to rais 


Ellis 
a subject t that 


He touches upon a st 

iar theme of study with me, | and has for med one for many years. And» Son 
perhaps ity Ww vill be well if I ts ake the occasion to make Ww ant I shall call 


an appeal to the engineers } “present t that they give us some b better di lata 


this subject w re have yet been obtai should like 


«4 
4 
' 
\, 
| 

q 


: simultaneous observations. When we speak of a velocity curve— wl curve | 

nea of any ahepe you please—the one drat awn on the black board or any other, | 


3 and of an any point ‘on that enn -ve—plotted as any inte ‘lligent « nt engi 


3 plot a curve, the ‘method whic h was followed to get shat pol wie or curve Was — 
this : the engineer ‘put an (of whatever sort you at 


that: point to. day, at such an hour and minute, and he put it there | ten 


minutes afterwar ds, and | perhaps half an hour after w ards, and perhay's 
7 week afte terwards, a great times this, he says 


i” 7 in 1 th: at cross s sectio 


nd for that point, the average is there 3 a and then, 


during a different series of the si me thing i done i in another place 


and ‘the result given is that the average is thar. - Now, I have been “a 


has been on a great many years, produced results of 


= 


“great v value in hydraulic engineering. — And it seems to me that if this 


1 same principle of ‘simultaneous observation be applied here, it will pro- om 


“duce. equally n novel and valuable » results. LT hope some engineer, who is 


situated that he can do ‘it, w ill carry the suggestion, IT want him 
t use vertical wire or rod, r some thing of that dow nin the 
yiver and Iw Ww vant half « a a do zen or more current meters put on that wire 
and connected with registers at the sur ‘face, by the use of ele ctricity, so : ‘ 
the record of the alll. om he read simult neously, I want 
record key pt so that we can avail ourselves of it during the continuance : 


of any reasonable Jength of time. I want these meters strung along at 


% 


"different depths ‘and different places transversely, ond I think 


that with a series of sue hi ohesivations we shall very soon arrive at that, 


State of 
- which alone safe theories could be 
De oLsox Wo oob.- 
i ; to the intermingling of the threads of wi water—perhaps I might say the 
particles of w ater—I think will commend themselves with some 


to all of us. I will not presume to give a satisfactory reason for the 


all are 80° wishing for, upon 


_—The remarks made Mr. Francis in regard 


of knowle« dge which we 


thres ad of maximum ve ‘locity being at any parti articular ‘point be ‘low the 

But I will to wale: a sugg gestion weal pre- 

o sume to make any statement in regard to it which + would be construed i - 

a 


intoa th 1eory, because 


k before. particles fr 


—— 


a 

a 

|| 

a 
Z 

| 

> 
a 

— 

| q be 

4 

— 

q 

il 

Many others have thought upon the same 

- i. ym the bed of a stream work their | 


“7 


0 to » speak, to to the 


e » the particles at the 
we know “that: w when na is 


— move, the acceleration of the velocity increases as ie parti: aie ‘le ¢ de 
and itseems to me that ‘there may ar tee some force in the sects 
it in this case. Ac imit ‘thi it the partic ‘les ascend. ‘They begin with a 


w veloc ‘ity, and a eon ‘ antly | coming in con 


ity, and these act upon ‘+h other, the 


faster - urging on the slower ; and 


this ¢ conflict goes on until a aiiiiions of equipoise is reached. Tf that 


be the only operation, we necessarily conclude, I Cask, that the 


~ maximum veloci ‘ity would be at the surface. But those particles which = 


now reached the st » must find their way bac wegen 
and when they descend they will be ret arded by passing the par 
low, but accelerated by g aravity, ; and from these causes may gain : a ee of 


maximum velocity somewhat below the surface. I I do not see any par- | 
ticula: ar force i in the that these les may move in al 


- aes, for I think it is s extremely ‘doubtful if they do. T he subject of vor- 


_ tex motion has been raised in the question, and perhaps many of n my 
as or ev en better, that Professor R eynola ds, 


of Mane hester, Engl and, made so some experiments some two years since, a 


in regard { to w vortex. motion of water in a trough, by introducing some 

z colore di matter into the wate ud by ineans of w vhich he could see ‘the | “= 


took pla wee, e. Ar lar motion of small y portions 


ithout apparently disturbing the surrounding water. This motion is 


oof the liquid waspe which passed the length of the 


some netimes seen in the w hirling mo tion of the ring of smoke as it ascends 


from a pipe or cigar, - passes through the air without involving: that 


which lies: about it. We also see that ‘the small whirlpools i in streams 


a 


move 1 rapidly through the water without disturbing the ‘surrounding 


water. when we recognize the fact that these complek | motions do 
exist in flowing streams, I think it is si strange that a a formula deduced - 


from the e flowage of one stream will not apply to others. re re — 


_ This brings to mind a remark that I have often made in regard to 
aulic engineers. ‘There to be a satisfaction with 


itedct in . discarding all that has been done before, and find fault with all 


their 


—— 


“A 


_ 

arface. and it is eviden a the akes 
ind their way down to the bed. Now, 

a 
| — 
ma 
— 
— 
fa 
= 
— 

4 


elieves that he has passed over and beyond 
e those him. At least it u's as though the 
subject had ‘not been, and perhay cannot be, ‘reduc ‘ed to that ex 


entific which will prevent other investigators from ‘modi- 


fyi ing existing for e. ~The varied circumstances under which we 

see bodies of flowing water—in dee P streams, narrow streams, large 


Stream: ms and streams | of degrees of veloc ity—makes it quite evi- 
a. “dent th that we cannot expect ve arrive os a certain mathematical law. It is 
one of those | subjects which seem to be beyond the grasp of anes analysis, 


nenter. 


is necessarily left to the hands of the | _experime n 


ution of the p He nce, Mr. ‘Herschel’ s remark in 


vah uable o one, and ought 


we can hardly rt that the curve 
bd - veloc ity noted by Gen. E llis and Mr. Francis is suffic iently accurate to 


ally greater at 7 


establish the fac ct that the maximum velocity is. gene 


he ra 
— 


point somewhat below thie surface then at the surface. It is a matter a 
that we would like to explain | on theoretical grounds. But let us have. 


in view of investigatio at have been 


made on the e general subject. call to mind, that the skin 
¢ resistance ot vessels has been. satisfactorily explained on the hy 
“4 
that the water rolls in circles on the surface e as the 


evidently, the motion of each particle is in a eycloid. a _ the conditions i ine 
case under consideration are entirely similar, It t only that 


‘deflecting forces be sufficient to the particles i in due time 


7 reach the surface, » when, as has been shown, the various interesting 
phenomena d dese by forme are reailily accounted for. 


ANNING. had not ‘expected to say anything upon this topic. 


€ It is one very « closely connected with what Mr. Francis and others have 


iscussing. Mr. Darrach has presented the subject, relates 


to the flow of water under pressure, while, as presented by Mr. Francis, © 
it relates to the flow of water w ith a a fr ee surface, as ina stream or 


and to the resulting currents. 
* Referring to Paper CLXI, Vol. VII (lay, 1878). 
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E. Emery.—The remarks of the last speaker, that 
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bbe. 


It w we the in ch: annel, sketched here upon the 
black board, which has, say sixteen feet de pth, as that of a body of 
molecules of wi ater, and think of de in molee ules, a thousand 
or more millions of molecules in depth, all of whie h move individually, 


move past and between each other with ver v little friction then, 
perhaps, we can more clearly understand the ae nt of the water cur- | 


rents | or ‘molec ule groups. 


! Now, for instance, we will suppose th at the minute individua 


cles of w ater channel moving with veloe itv rela-_ 


tively due ‘the s sine of the angle of inclination of the water surface ; 


thus, if there is one foot indiaaiilin in a mile, then there is a velocity 
whic a ll | these tic tend t to wae is duet to the ine 


“partic that in contact 


them) are deflected. different is given to. from 


which they tended to take flowing under the influence of gravity, and the 
deflected group of- passes throngh and the partic 


mov ing in the fi first - direction. Consequently, having» taken a new direc- 
tion, , and ha having their ‘progress che cked by reaction from the obstruction, 


their iniaiieal progress is less than ‘that of the main body of water, and 


the mean velocity of the whole body is reduced. Also, if the de flecte¢ ? 


yup » of par articles passes up through the m: ain body and reac ‘hes the su 
ace, it is there unable to continue in the new patie ‘tion, end isagainde- 
flected in part with a spreading moveme nt tows ards the sides of the 


channel, with a further loss of onward veloc city. + ie 


( joneie ring the motion of the partic ‘Jes in this manner, we can readily 
unde stan 1 how the current changes its velocity in certain parts, at the | 
ottom, at the sides an at the surfac e, as is “demonstra a ed by expe vie 


pe Those groups of partic ‘les near the bottom and sides of the ¢ ‘hannel 


is smooth! paves L 


deflected ently. ven though the channel 


eets at the 


reg and thus lose th. 


to take from gravity in the gener: ral direc tion. at 
Now, in the « “ases, of water flowing i in pipes, there are yuapelions on 


the sides of the } pipes that influence : and retard the onward motion L of the 


“partic les, 


a 
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tched on the bed of the stream, then these 
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2, 

edges of the payed are upward 
— 


cannot so neadily observe the influences of obstructions in. pipes 


as in channels, but Mr. Darrach has given us some very V valu: ible facts 
relating to ‘them, in of co-efficients, which a are the mer stires 


of the influences s of those obstructions. 


not smooth “(and in the cases, are very very far being 


smooth—with microscope they appear very rough) thousands and 
of thousands of these molecules or particles: of water strike the 


¥ little projectiles that are scarce ely visible to the naked deye, and lo loee,, by a 


serious of reactions and deflections, a of the v velocity that they 


‘ pressure of ‘water, Since he co- lente in ‘the formula for flow ow 


4 presented are variable for different conditions of. yelocity and diameter 


“ and smoothness of pipes, and since they can be determined only by 
F practical experiment, the series giv en to us by Mr. Darrach will | prove 
exceedingly valuable to those w ho have to place p pipe systems on a large 
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